The problem of robust stability of time-delay system with structured state space uncertainties is discussed. A method is presented whereby a new class of sufficient conditions for robust stability of such an uncertain time-delay system are derived. It is shown that the stability robustness of such a system can be ensured provided that the eigenvalues of nominal closed-loop system (i.e. the closed-loop system in the absence of uncertainty and delay) lie to the left of a vertical line in the complex plane which is determined by a norm involving the structure of the uncertainties (including those corresponding to delayed state) and the eigenvector matrix of nominal closed-loop system. It is also shown that for time-delay systems with structured state space uncertainties, the robust stability condition derived here is less conservative than those reported in the control literature.
Problem Formulation and Assumptions
Consider an uncertain linear time-invariant multiinput, multi-output dynamical system with timevarying delay described by the following differentialdifference equations: 
.., n,-1, ..., m (6 c) Throughout the paper, for any matrix M let M+ denote its modules matrix (i.e. replacing the entries of M by their absolute values), and for some matrices Then, we can rewrite (6) as follows.
(7 c) where R+ is the set of non-negative numbers. Now, the problem to be tackled in this paper is that given a control gain matrix F such that nominal closed-loop system (5) exhibits desirable dynamic performance, find some conditions such that the asymptotic stability of uncertain closed-loop timedelay system (4) can be guaranteed in the presence (7) . Proof: For simplity, we rewrite uncertain closedloop time-delay system (4) as dx(t) =Ax(t) +QA~(t)x(t)+4Ah(t)x(t-h(t)) (10) where Let M be the modal matrix of (A+BFC). Use the similarity transformation M to obtain
Then f x(t) I <<-I MIII z(t)I z(t) --O implies Ix(i)M-0
Applying the similarity transformation to (10) yields
dz(t) _M-IA~Mz(t)+M-14A~(t)Mz(t) +M-1QAh(t)Mz(t -h(t))
which has a solution as z(t)=exp {A(t-to)}z(to) +ft exp {A(t -r)}{M-1tJA~(r)Mz(r) +M-14Ah(r)Mz(r-h(r))}dr (12) 
Continuing with (14) , multiplying both sides of (14) z+(t) exp { y (t -to)} <-exp {-(a-y)(t-to) l+(to) + f exp{-a(t-r)+y(t-to)}
• (M-1)+AmaxM+z+(r)dr + f exp { -a(t -r) + y (t -to)}
• (M-1)+AmaxM+z+(r-h(r))dz (17) z+ ( 
=.+(M_1)+ Amax +eYh Amax ]M(t) +y+(19)
Here, we first state a simple fact that for any real function f (t) and any non-decreasing real function y +(t) < +(M-')+ Amax + e rh, Amax M+ r (t) (20) Taking the norm of both sides of (20) 
IC~(t)I<-Ilz+(t)I <-1I III eXp {-y(t-to)} (23)
Therefore, from (23) stability of uncertain systems with a time-invariant delay is considered; i.e. the delay is assumed to be a positive constant. But, their method used to deal with the delay is incorrect since the initial condition of time-delay systems is neglected in their paper. However, even for the robust stability condition derived by such an incorrect method, it is obvious (see Ref. 23)) that it is more conservative than our condition.
In the following, we state a theorem which shows our new robust stability condition given in (9) is less conservative than condition (8) . 
It is obvious from (25) that the left-hand side of inequality (9) is less than or equal to the left-hand side of inequality (8) . That is, the robust stability condition given in Theorem 3.1 is not satisfied. Therefore, no conclusion can be made for this example.
(ii) The sufficient condition developed in this paper: From sufficient condition (9), we can obtain
That is, robust stability condition (9) is satisfied.
Therefore, we conclude the closed-loop time-delay In addition, the robust stability condition derived in the paper is independent of time-delay, and is applicable to systems with perturbed time-delay.
